Abstract. The sensor Leap Motion can detect the information about locations and speed of hands and fingers with high accuracy in real time. It provides an effective method to the interaction between people and 3D terrain models, and based on the characteristics of the far and near field division of the working area of the sensor, different filter models are established to filter the natural gesture data, and to increase the stability of the anti-jitter ability and the software identification. This paper introduces a 3D controller based on OSG(Open Scene Graph), and designs a terrain model controller from gestures, and evaluates the controller by designing user experiments. The result shows that, comparing with traditional 2D interaction, the user experience and the result of this paper's algorithm is more natural, intuitive and efficient.
Introduction
In the process of 3D terrain reconstruction, the operations of the points cloud include zoom in/zoom out, translational motion along axis x, y and z, and rotation by axis x, y and z. Long time before, people mainly operated the reconstructed model by means of mouse and keyboard, but it's not an intuitive way to operate 3D models by 2D tools. Because of the short time of one operation by mouse, the frequency of wrong operations is very high. Some researches focus on how to transform 3D information to 2D inputs, or how to expand 2D inputs in order to control 3D transformation better.
[1] designs a small widget named tBox to achieve translation, rotation and zoom of objects. [2] achieves the selection of center point among points cloud by using slice-n-swap. [3] proposes a virtual handle to rotate or translate 3D objects in virtual environment. In real life, people touch and interact with real objects with their hands [4] , for example, take up, put down, move and so on. It means a lot to user-based human-machine interaction by operating 3D models with free hands and gestures.
Recognition of gestures is the key technique to interaction of gestures. Whether the devices can get gestures' information correctly is the basis of gesture interaction. In controls to 3D terrain points cloud, the information of the points cloud can get feedback and react in real time. [6] achieves hand gesture recognition with Kinect, but the advantage of Kinect is to capture data from medium or far distance. Leap Motion is a highly accurate sensor, with the accuracy of 0.01mm. It is specialized in gesture motion detection, and it can detect the slight change of movement of hands precisely.
This paper designs a well-understood interaction system based on Leap Motion. The system filters the input data, removes vibration we don't need, and builds an ergonomic 3D roaming device with Open Scene Graph(OSG) to response to real-time gestures and update the state of the terrain. The result shows that, comparing with traditional 2D interaction, the system in this paper makes it more natural, intuitive and efficient for users to deal with 3D models.
Related Work

Noise suppression.
The sensor Leap Motion outputs the captured gesture data in the form of frame, including the space tracks of key points on hands, the speed of key points and pointer vectors. Although in theory, the precision of Leap Motion can achieve sub-millimeter level, noise produced by some unconscious actions and gestures lowers the stability and accuracy of data input, as hands are in the air and can move freely. From the view of hardware, Leap Motion uses two high-resolution cameras with the resolution of 640 * 240, in real life, it is common that the sensor can't distinguish stably. So it is very important to filter out those meaningless noisy input from gestures.
Here are some gestures including rotation, drawing straight line and hovering. When fingers are operating 3D models, there is a certain degree of vibration. And the system filters the movement of fingers. a b c fig.1 the coordinate statistics of fingers when operating models a fingers draw a circle, b fingers hover in the air, c fingers draw straight lines in the air. From the statistics, we can see that there is noises in the data of gestures. This paper uses a simple speed-based low-pass filter mentioned in [5] , change the frequency of lowpass filter in real-time by detecting the speed of users' palm area of their hands. The formula (1) presents the expression and calculation of parameters of the adaptive filter.
In the formula, refers to the high dimensional coordinates from Leap Motion, ̃ refers to the vector after using the low-pass filter, and is the smooth factor between 0 and 1, which can ben calculated by data update interval and time constant :
2.2 The 3D roaming device based on Open Scene Graph(OSG). When designing roaming devices, we need to set the event response based on the event of click, double click, mouse's wheel, or type by keyboard. The response of the event is mainly through the setting of the translation step size and the rotation step size. Because of the limitation of mouse and scene, a mouse needs to split up an event into several movements, when dealing with large-scale rotation and translation events. Leap Motion uses The Interaction Box, which is defined as a rectilinear area within the Leap Motion fiend of view [7] , which allows enough space for an action. fig.2 The recognition area and center of leap motion sensor.
The roaming device need to store the coordinate (x, y, z) of center point of the points cloud, and the current step length. After capturing the gestures and filtering the data, Leap Motion submit the data to the roaming device, to judge the purpose the gesture. After judging the gestures, Leap Motion deals with the points cloud and store the newly updated points cloud, combined with current step length.
+1 ( , , , , , ) = ( , , , , , ) + ( , , , , , ) (4) ( , , , , , ) means the status of points cloud at time i, ( , , , , , ) means the information of control at time i. (x, y, z) means the coordinate of point, and( , , ) means the angle to x, y, z axis. According to the coordinates of OSG, zoom in/out is transformed to the change of axis Z.
+1 ( ), ( ) means the value of z changes and other value don't change, while the points cloud and control information at time i. The drag of points cloud is transformed to the translation of vectors, and x, y of the two vectors refer to the click position ( , ) and the release position ( , )on the screen. When executing the gesture of translation, we get the location of points cloud, and we get the new location of points cloud after releasing gestures.
∆t( , ) means the distance moved at surface x, y. The roaming device has an initial angle (a, b, c). In rotation mode, the device calculates the fingertips of length of angle in Leap Motion axis, transform the angle of rotation into length of arc. If the fingertips are near to the coordinate origin, the rotation angle is short, and the arc is small too. Otherwise, it is large.
∆d( , , ) means angle change while sliding, ( ) means changing angle value to arc value. fig.3 The key flow chart of 3D roaming device. By recognizing the gestures, the device updates the control data(step length), and then execute the interact of rotation, translation and zooming in/out.
Experimental
The hardware system used in this paper includes a Dell Vostro 3900 computer, with Intel i7-4790 CPU 3.60GHz, 8G memory, a NVIDIA GeForce GTX 745 graphics card, and Windows 10 operating system. The development environment is Visual Studio 2015. A Leap Motion sensor is needed, and use SDK V2.3.1 for Windows provided by Leap Motion cooperation. And this paper uses Qt 5.6 to develop this software' s interface, and uses Open Scene Graph(OSG) 3.4 as the engine of 3D display. fig.4 pic a is the main interface for development, in which the gray background is for 3D display. By rotating to the right, we get pic c from pic b. By zooming we get pic e from pic d.
Analysis: this experiment confirms that the system can rotate, translate and zoom in/out with gestures. When operating 3D terrains with hands, there is a certain noises. The system can lower the noises to a great extent by filtering the operating data. And finally the system completes the implementation of targets according to the wish of users.
Result and discussion
In this paper, we proposed a 3D hand gesture operating method based on Leap Motion. Based on the manipulation and exploration of large-screen data control and exploration, this paper proposes a low cost, but efficient and intuitive 3D spatial interaction technology of Leap Motion. The advantages of this technology is that, it makes interaction between people and points cloud more natural by operating the points cloud with free gestures. When making it easier to interact, Leap Motion has the problem of low accuracy. When dealing with tiny change, Leap Motion is much more difficult than mouse, and Leap Motion has great advantage dealing with large scale interact.
